Depression often accompanies chronic illness. Study aims included determining (1) the level of current depression (Patient Health Questionnaire (PHQ)-8≥10) for two sets of Chronic Disease Self-Management Programs (CDSMP) participants; (2) if depression or other outcomes improved for those with PHQ-8≥10; and (3) if outcomes differed for participants with or without depression. This study utilized longitudinal secondary data analysis of depression cohorts (PHQ-8≥10) from two independent translational implementations of the CDSMP, small-group (N=175) and Internet-based (N= 110). At baseline, 27 and 55 % of the two samples had PHQ-8 10 or greater. This decreased to 16 and 37 % by 12 months (p<0.001). Both depressed and nondepressed cohorts demonstrated improvements in most 12-month outcomes (pain, fatigue, activity limitations, and medication adherence). The CDSMP was associated with long-term improvements in depression regardless of delivery mode or location, and the programs appeared beneficial for participants with and without depression.
There is growing attention to the interplay between physical and mental health. In particular, several studies have noted the association of depression with other chronic diseases [1] [2] [3] [4] [5] . For example, Corbin and Strauss [1] , in a landmark qualitative study, determined that emotions were one of three major concerns for people with chronic illness. Studies have also suggested "depression is associated with poor adherence to medication across a range of chronic diseases" [6, 7] .
In addition, several studies have found an association between low self-efficacy and depression [8, 9] with one concluding "enhancing self-efficacy levels might reduce anxiety and depression" [9] . The Chronic Disease Self-Management Program (CDSMP) was designed to increase self-efficacy as one means to manage chronic conditions. Improvements in selfefficacy by CDSMP programs participants are associated with improved health outcomes [10, 11] .
The CDSMP programs were developed for people with one or more chronic conditions. In fact, participants usually have two or more conditions. In the U.S. National Study small-group CDSMP [12] , participants reported a mean of 2.6 chronic conditions (SD=1.4), ranging from 1 to 10. Unlike most studies where the population is carefully screened to assure that all participants have similar characteristics, participants in CDSMP studies are very heterogeneous.
The CDSMP in both small-group and on-line formats (also known as Internet-based Chronic Disease Self-Management Program (ICDSMP)) has been shown to improve health symptoms, including depression, and health behaviors. The effect sizes, however, are small [13, 14] . For example, in the U.S. moderate effect sizes, as not all subjects have all symptoms. In particular, many participants in these programs did not have symptoms of depression and thus would not be expected to show improvements in depression measures.
Given the above background, the question arises whether individuals with symptoms of depression, as indicated by high Patient Health Questionnaire (PHQ) scores, are likely to benefit from generic chronic disease programs. To examine these issues, we performed secondary data analyses on data from two independent CDSMP translation studies, one presented via small-group workshops in the USA and one utilizing Internet-based workshops in Canada. We used the data to determine within each of the two programs:
1. The percentage of small-group and Internet participants who met the criteria for current depression 2. If the interventions were effective in reducing depression and improving other outcome measures for those with depression 3. If those with depression had similar or different results for other outcome variables compared to those without current depression
METHODS

Data sources
The two data sets chosen for secondary data analyses are both from translational studies presented in community setting. The first consists of data from a large national study conducted in 22 sites in the USA. All participants in this study attended a 6-week smallgroup Chronic Disease Self-Management workshop [12] . Institutional Review Board approval was obtained at both Stanford University and Texas A&M University. The academic investigators had no role in leader training, recruitment for workshops, or program implementation, which were carried out by the participating organizations in their usual fashion. The second study was a version of the same program delivered via the Internet. The ICDSMP, known as Healthy Living Canada, was delivered Canadawide [16] . ICDSMP workshops were funded and administered by Alberta Health Services with software support and assistance from the U.S. National Council on Aging (NCOA). The investigators again had no role in training facilitators, recruitment for workshops, or program implementation, with the exception that on-line facilitators were monitored by mentors associated with investigators. Rather than comparing the two programs, this study treats them as two independent replications of the effect of the CDSMP on people with depression.
Both the U.S. National Study of the CDSMP and the Healthy Living Canada ICDSMP included the PHQ-8 measure of depression among the self-reported outcome measures. Both programs demonstrated small but statistically significant mean decreases in PHQ-8 scores, and both programs included participants with and without symptoms of depression at baseline [12, 16] .
The interventions
The CDSMP is designed to impart skills that are common across a variety of chronic diseases. Thus, its participants can have almost any mental or physical chronic condition. The CDSMP is peer led and utilizes face-to-face small groups meeting 2.5 h a week for 6 weeks.
In a randomized trial, the CDSMP was found to improve a number of health statuses and healthrelated behaviors as well as self-efficacy. Improvements were found to persist up to 2 years [13, 17] . The CDSMP has been widely used and disseminated, and there have been several studies of the small-group CDSMP for participants with chronic diseases in diverse populations, including Spanish speakers in the USA, Chinese in both China and Australia, Bangladeshis in London, African-Americans in the USA, and British in England [18] [19] [20] [21] [22] [23] [24] . For the U.S. National translation study, more than 1,000 people from 22 sites in the USA were recruited for a 1-year longitudinal study [12] . The English-language participants in this study comprise the small-group data set for the current study. Workshop leaders for this translation study were trained by Stanford-certified CDSMP master trainers, and the programs offered were not modified or locally adapted from standard CDSMP protocols.
Although large numbers of people have attended the CDSMP, there are those who do not like small groups, live in isolated areas where groups are not available, or have disabilities that make it difficult to attend groups. Thus, the ICDSMP was designed as a second mode of delivery. We view small groups and the Internet as two modes to deliver the same intervention.
The ICDSMP was originally evaluated with a population from all over the USA in a 1-year randomized trial. Like the small-group program, it was found to improve health status and self-efficacy, as well as reduce emergency department visits [14] . A second longitudinal (non-randomized) study for people served by the English National Health Service found that the ICDSMP was both feasible and associated with positive results [25] . More recently the Alberta Health Services in Canada chose to replicate the English study using a nationwide sample [16] . Participants in this study make up the data set for the on-line (ICDSMP) analyses in the current study.
Both the content and the process of the 6-week ICDSMP are based on and similar to that of the small-group program. Specifically, both programs have the same content and integrate self-efficacy theory throughout [26] . Both are led by trained peers, are highly interactive, and place emphasis on participants assisting each other. Both are 6 weeks long, include planning and problem solving as key elements, and utilize the same reference book. They differ in that the CDSMP participants and leaders talk face to face in ORIGINAL RESEARCH TBM page 2 of 9 real time, while in the ICDSMP, participants and leaders interact asynchronously using threaded bulletin boards. The ICDSMP workshops consist of 20 to 25 persons compared to 10 to 15 participants in the CDSMP workshops. The program as offered by Alberta Health Services was the same program that is currently being offered by NCOA in the USA under the name "Better Choices, Better Health."
Participants
The U.S. National Study participants consisted of adults enrolled in English-language CDSMP workshops delivered nationwide between August 2010 and April 2011. Each participating CDSMP delivery site recruited people for workshops in their usual fashion, which included referrals from organizations specifically serving older adults (e.g., senior centers, Area Agencies on Aging), health care facilities, and social service organizations, as well as self-referrals from a variety of recruitment activities including community flyers, brochures, and health fairs. Participant eligibility criteria for this study included (1) having at least one self-reported chronic disease or condition; (2) enrolling in a CDSMP workshop delivered in English;
(3) attending at least one of the first two class sessions; (4) not having taken CDSMP previously; (5) completing a baseline questionnaire; and (6) consenting to being in this study. There were over 900 Englishspeaking participants in 103 workshops presented by 19 organizations in 15 states [12] .
The Healthy Living Canada ICDSMP participants were recruited from across Canada using social media, flyers, and posters. Inclusion criteria were similar to the small-group CDSMP workshops with participants required to login to the on-line workshops at least once. The study involved 277 participants from nine provinces and territories who enrolled in 12 on-line workshops [16] . Since this was considered a pilot program to test the feasibility of its use for wider dissemination by Alberta Health Services, it was only funded for 12 on-line workshops, and enrollment was stopped at that point.
The list of possible self-reported chronic conditions that participants were allowed to choose from differed somewhat between the two programs. Table 1 shows the actual baseline questions participants were given. In both cases, participants were allowed to specify any other condition they considered a chronic disease. Only when potential participants indicated they had no chronic disease were they were excluded from the study (although some without a chronic condition might still attend the workshops, for example if they were accompanying a spouse with chronic diseases).
Most participants in both studies reported multiple chronic conditions. In the U.S. National Study, 30 % of participants listed depression as one of their selfreported conditions [12] , but only 5 % of these reported depression as their only condition (N=14). Unfortunately, depression was not one of the criteria conditions included in the Healthy Living Canada Study baseline questionnaire.
Measures PHQ-8 depression measure Depression is the major variable of interest for both segmenting the samples and as an outcome measure. For both studies, it was measured using the PHQ-8. The original PHQ is a 21-item scale developed in the late 1990s "for making criteriabased diagnoses of depressive and other mental disorders commonly encountered in primary care" [27, 28] . The PHQ-9 is a nine-item subset of the PHQ that focuses specifically on depression. The PHQ-9 was assessed among 6,000 patients and found to be a "reliable and valid measure of depression severity" [28] . Item 9 of the PHQ-9 asks about thoughts of being better off dead or hurting oneself. The item has been used to assess suicide risk. It is often omitted from questionnaires, yielding the PHQ-8 measure of depression. Kroenke and colleagues found that the PHQ-8 was a useful measure for population-based studies as well as clinical diagnoses and that "a cut point > or = 10 can be used for defining current depression" [29] . More recently, Razykov and colleagues compared the PHQ-9 to the PHQ-8 in 1,022 outpatients with the chronic condition of coronary artery disease (CAD). They concluded that item 9 was not an accurate suicide screen and that "the PHQ-8 may be a better option than the PHQ-9 in CAD patients" [30] . PHQ-8 scores range from 0 to 24 and had an internal consistency reliability of 0.89 among the Healthy Living Canada participants. For both the PHQ-9 and the PHQ-8, a decrease of 5 points or more has been used as a general indicator of clinically significant improvement [31, 32] .
Other outcome measures In addition to PHQ-8 depression, six outcomes were measured in both studies. These consisted of three health indicators (pain, fatigue, and social role/activity limitation), one behavior (medication adherence), and two utilization (emergency department visits and hospitalizations) variables. Single-item visual numeric scales were used to measure pain and fatigue [33] . These are adaptations of visual analogue scales [34] , with a range of 0 (no pain/fatigue) to 10 (severe pain/fatigue). Health interference with social roles was measured using the social role/activity limitations scale [35] . It consists of the mean of four items asking about health interfering with activities with a range of 0 (not at all) to 4 (almost totally). Medication adherence was measured using the sum of 4 yes-no items that asked about participants forgetting or stopping their medication [36] . It thus had a range of 0 to 4, with higher values indicating less adherence. Emergency department (ED) visits and hospitalization were obtained from participant self-report of how many times they had been to the ED or stayed overnight in the hospital in the past 6 months. These reports have been found to correlate well with chart audits [37] .
Data analyses
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greater became the depression cohorts, which were then analyzed in greater detail. First, we examined whether there was significant change in depression between baseline and 12 months using paired t tests. We then examined change scores within the depression cohorts for the six additional outcome variables, again using paired t tests to determine if 12-month changes were significantly greater than would be expected had they been sampled from a population that had no changes. Effect sizes (Cohen's d) were computed as the change scores divided by the baseline standard deviations. Effect sizes of d=0.2 were considered small, d=0.5 medium, and d=0.8 large [15] . We also computed the percentages of participants in the programs who improved or worsened by 5 or more units on the PHQ-8 score since, as noted above, a change of 5 or more is considered clinically significant [32] . The depression cohorts were compared to cohorts with lower depression scores using analyses of covariance. Changes in outcomes, including PHQ-8 depression, were examined with baseline outcome scores and demographic variables as covariates. These analyses were used to determine if those who had PHQ-8 scores indicative of depression did or did not have improvements comparable to those with low (non-depression) PHQ-8 scores. We would hypothesize that the depression cohort would do at least as well as the non-depressed in both studies.
Results of the data analyses are presented separately for the U.S. National Study participants and for the Health Living Canada participants.
RESULTS
The U.S. National Study Baseline characteristics For all English-language participants in the U.S. National Study, the mean baseline PHQ-8 score was 6.6 (SD=5.5). At baseline, 27 % of the U.S. sample had PHQ-8s of 10 or above (N=258). The mean age was 66.6 (SD=13.7) and the mean years of education was 13.8 (SD=3.0). Participants were predominantly female (83 %), 72 % were non-Hispanic White, and 38 % were married. Additional details regarding the demographic characteristics of the overall U.S. National Study can be found elsewhere [12] . Within the depression cohort of the U.S. National Study, 83 % of participants were female, 76 % White, and 33 % married ( Table 2 ). The mean age was 60.0 (SD=14.5) and mean years of education 13.4 (SD= 2.9). Those with indications of depression tended to be younger (60.0 versus 68.9, t=8.78, p<0.001), slightly less educated (13.4 years of school versus 13.9, t=2.45, p=0.01), and less likely to be married (33 versus 40 %, chi-square=4.16, p=0.04) than those without indications of depression. Table 2 shows the baseline demographic characteristics for both the depression cohort and those without indications of depression.
Changes in depression In the U.S. National Study, the proportion with PHQ-8 of 10 and above was 15.7 % at 12 months compared to 27 % at baseline (differences from baseline, chi-square=202.5, p<0.001). For participants with 12-month questionnaires, there was a 12month reduction of 1.25 (effect size Cohen's d=0.23, p<0.001) [12] . Looking at the depression cohort (only participants with a PHQ-8 of 10 or more at baseline, N=258), there was a statistically significant decrease in PHQ-8 of 3.5 (approximately 1.1 effect sizes) at 12 months when compared to baseline ( Table 3 ). The percentage of the U.S. National Study depression cohort who decreased by 5 or more on PHQ-8 between baseline and 12 months was 40.7 % ( Table 4 ). The percentage who increased by 5 or more was 5.7 %. Table 4 compares the depression cohort with the nondepressed within each study. As expected, those with baseline depression were more likely to have improvements in depression. In order to compare the proportion that changed by 5 or more on PHQ-8 to the depression cohort, we also computed the percentages for the non-depressed cohorts. In the U.S. National study, 6.5 % decreased by 5 or more and 6.5 % increased by 5 or more within the non-depressed cohort. These percentages are shown in the second row of Table 4 , along with the percentages for the depression cohort (described above).
Changes in outcome variables Looking at the six additional outcomes for the U.S. depression-cohort participants, four of six had statistically significant improvement at 12 months (Table 3 ). Comparing the depression cohort with the non-depression cohort, participants with baseline depression had significantly greater improvements in fatigue and activity limitation at 12 months (Table 4) .
Twelve-month completers versus non-completers Using intent-to-treat methodology (no change assumed for those with missing follow-up questionnaire), the p values for changes in PHQ-8 remained unchanged for the depression cohort in the U.S. National CDSMP. The 12-month mean PHQ-8 change score was reduced from −3.47 to −2.35 by substituting 0.0 change for those missing data at 12 months. There were no significant differences at baseline in PHQ-8 depression scores for those who completed and those who failed to complete 12-month follow-up questionnaires.
Using intent-to-treat methodology, the p values for 12month change scores for all outcomes remained unchanged. When we compared the baseline values of those who failed to complete with those who completed questionnaires, there were a few differences within the depression cohort for the U.S. National Study. Twelve-month non-completers had greater emergency department visits at baseline (0.45 versus 0.98, t=2.2, p<0.05) and tended to be younger (56 versus 62, t= 2.94, p=0.01, respectively).
Healthy Living Canada Study
Baseline characteristics In the Healthy Living Canada Study, the mean PHQ-8 at baseline for all participants was 10.9 (SD=6.1). The proportion at baseline with depression (PHQ-8s of 10 or more) was 55 % (N=148). Among all participants in the Healthy Living Canada dissemination study, 94 % were non-Hispanic White, 63 % were married, and 76 % were female. The mean age was 47.7 (SD=11.3) and the mean years of education was 14.7 (SD=2.67). Further information about the demographics of the overall Healthy Living Canada participants can also be found elsewhere [16] . Among the depression cohort of the Healthy Living Canada Study (Table 2) , 78 % were female, 97 % White, and 61 % married ( Table 2 ). The mean age was 46.6 (SD=10.4) and mean years of education 14.6 (SD=2.7). There were no significant differences in demographic variables between the depression cohort and the participants with low depression scores within the Canadian sample.
Changes in depression For the Healthy Living Canada participants, at 12 months, the proportion with depression symptoms was 36.8 % (compared to 55 % at baseline, chi-square=43.2, p<0.001). Among all participants who completed 12-month questionnaires, the 12-month change in depression was −2.1 (Cohen' s d = 0.34, t = 21.5, p<0.001) [16] . Among participants with baseline indications of depression (N=148), the mean 12month change in PHQ-8 depression was a decrease of 4.3 (Table 3) , an effect size of 1.01. Again as expected, when we compared the depression cohort to those with lower PHQ-8 scores, there was a statistically significant difference in changes in PHQ-8 ( Table 4 , row 1). The percentage of the Canada depression cohort who decreased PHQ-8 by 5 or more between baseline and 12 months was 44.6 % ( Table 4 , row 2). The percentage who increased by 5 or more was 4.6 %. In the non-depressed cohort of the Healthy Living Canada Study, 10.0 % decreased by 5 or more and 13.6 % increased by 5 or more.
Changes in outcome variables For the Canadian ICDSMP depression cohort, all variables with the exception of hospitalizations had improved significantly (Table 3 ). For participants in Health Living Canada who had PHQ-8 scores less than 10 (no indications of depression), none of the change scores were significantly different from those of the depression cohort (Table 4 ). However, for each measure, the depression cohort improved as much or more than the non-depression cohort.
Twelve-month completers versus non-completers As in the U.S. National Study, when we used intent-to-treat methodology (no change assumed for those with missing follow-up questionnaire), the p values for changes in PHQ-8 remained unchanged for the depression cohort at 12 months. The mean PHQ-8 12-month change score was reduced to from −3.40 to −3.19 for those with baseline PHQ-8 of 10 or greater. For the depression cohort, there were no significant differences at baseline in PHQ-8 depression scores for those who completed and those who failed to complete 12month follow-up questionnaires. Using intent-to-treat methodology within the Healthy Living Canada depression cohort, the p values for 12month change scores for all outcomes remained unchanged. There were no significant differences at baseline between those who completed questionnaires and those who did not.
DISCUSSION
Looking at the first of the three aims of this study, we found 27 % of the U.S. National Study participants and 55 % of the Health Living Canada participants had PHQ-8 levels of 10 and above. We cannot determine why the PHQ-8 scores were much higher in the Healthy Living Canada program than in the U.S. National Study, whether it had to do with cultural differences, recruitment differences resulting in different populations, or perhaps because people with depression may be more likely to enroll in Internet-based programs. There were also large differences in the mean ages of the two sample populations (60.0 versus 46.6, respectively). Within the depression cohorts, when we compare the two studies, there are some indications that the Canadian population had poorer baseline health (more pain, more fatigue, more depression). It is beyond the scope of this study to determine the reasons for the differences between the two program populations. It is sufficient to note that the two independent implementations of the CDSMP involved quite different populations. Future study of small-group and on-line implementations within additional Canadian and U.S. populations would certainly be warranted and may have implications for recruiting people with depression.
The interventions appeared to be effective for those with indications of depression. PHQ-8 depression scores were reduced in both programs by considerable effect sizes. This has two implications. First, it is possible for a generic program aimed at multiple chronic conditions to make a clinically significant impact on at least one symptom, depression, for those who entered the program with depression. We will need further study to determine if this finding extends to other symptoms.
Secondly, it suggests a need for reexamining the policy implications of meta-analyses when applied to programs aimed at participants with multiple co-morbidities. By definition, these programs, by championing heterogeneity, decrease overall effect size for specific medical indicator measures, since not all participants will be in need of improvement for all indicators. In the future, we will need methodologies to parse the effects of such programs for populations who meet specific condition criteria such as illustrated for depression by this study.
When we compared the depressed and the nondepressed cohorts on additional health outcome variables (pain, fatigue, activity limitation, and medication adherence), the cohort with depression did at least as well if not considerably better than the participants with lower levels of PHQ-8 depression. This confirms that the programs are appropriate for participants with depression and suggests that the programs may be particularly beneficial for those with indications of depression.
Comparing the proportion who improved or got worse on PHQ-8 by a clinically significant 5 or more points, those in the depression cohort showed much higher proportions improving (46 and 45 % of the U.S. and Canadian samples, respectively), with relatively low proportions becoming more depressed (7 and 10 %). If this was merely a regression to the mean of those with higher scores, we would expect those with low baseline PHQ-8 scores to increase similarly. Instead, when we examined only the cohort with lower baseline depression, the numbers getting worse were only 8 and 14 % in the U.S. and Canadian samples. In addition, Table 4 shows that those with PHQ-8 under 10 did not have significant increases in PHQ-8 depression scores at 12 months, as might be possible if there were a regression to the mean for this chronically ill population.
Limitations
Because of the considerable differences between the populations in the two programs, we cannot address the question of whether the effects were similar for those in the small group versus the on-line intervention. Both groups showed improvements, but differences in change scores between the two groups were inconsistent. People who choose a small-group intervention as opposed to one via the Internet may have different motivations and learning styles. In addition, while both studies involved national samples, it may be that chronic disease patients living in the USA and Canada are different in multiple ways. Thus, any attempt to directly compare the two modes of delivery would not be warranted.
The two studies were both implementations and translational studies of the two respective programs, and neither were randomized studies. Thus, we have post hoc secondary subgroup analyses of longitudinal data, along with the limitation inherent to such samples. Unfortunately, the original randomized studies of the two programs [13, 14] did not include appropriate depression measures. Although indications of improvements are strong, there remains the possibility that individuals with indications of depression who did not participate in a program might have had similar improvements.
A further limitation is the use of PHQ-8 scores as indicators of depression. Although a value of 10 or greater is considered indicative of depression, it is not a clinical diagnosis of depression. In the U.S. National Study, where depression was one of the pre-listed conditions participants could report at enrollment, 59.3 % of those with PHQ-8 scores 10 or above-listed depression as one of their conditions (compared to 15.9 % of those with PHQ-8 scores below 10). PHQ-8 had a correlation of r=0.503 with self-reported depression. Future research might examine the effects of the CDSMP on participants who self-report depression. Unfortunately, the Canadian study did not include depression as one of the listed chronic conditions that could be checked, and only 15 participants included it as one of their "other" chronic conditions. We also cannot determine if those in the U.S. National Study who listed depression as one of their conditions considered it the major reason for enrolling in the program or not.
In addition, although the 12-month follow-up rates were moderately high for dissemination studies (68 and 74 % for the two studies), we cannot be entirely sure that dropouts did not affect the change scores. Within the U.S. National Study, those who failed to complete questionnaires had only two differences at baseline from those who completed follow-up questionnaires. They were younger and had slightly more ER visits. There were no baseline differences among Healthy Living Canada participant completers and non-completers. This lack of baseline differences between questionnaire completers and "dropouts" increases the confidence in the results but does not rule out possible bias.
ORIGINAL RESEARCH
TBM page 8 of 9
In summary, results from two independent translational studies suggest that both the small-group and Internet-based CDSMP appear to be appropriate and useful self-management education programs for participants with indications of depression.
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